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[Claims] /2* 

[Claim 1] A method for inducing a nuclear reaction by momentarily 
irradiating a member to be irradiated with a laser beam having an 
energy that can ionize the irradiated member so as to generate high- 
energy particles and by applying these high-energy particles to a 
target material, thereby inducing a nuclear reaction. 

[Claim 2] The method for inducing a nuclear reaction stated in 
Claim 1, wherein the laser beam is a pulse laser beam whose pulse 
duration is 10 picoseconds or less. 

[Claim 3] The method for inducing a nuclear reaction stated in 
Claim 1 or 2 , wherein the target component and the member to be 
irradiated are the same member. 

[Claim 4] The method for inducing a nuclear reaction stated in 
Claim 1 or 2, wherein the target component is a member that is 
different from the member to be irradiated. 

[Claim 5] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 4, wherein a laser beam having an energy 
intensity that can accelerate the high-energy particles to kinetic 
energies of 100 kiloelectron volt or higher is applied to the member 
to be irradiated. 
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[Claim 6] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 5, wherein the high-energy particles are 
either electrons, electromagnetic waves, or positive ions. 

[Claim 7] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 6, wherein the high-energy particles are 
accelerated vertically to the laser-irradiated plane of the irradiated 
member and also in the direction away from the laser-emission source. 

[Claim 8] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 6, wherein the high-energy particles are 
either hydrogen nuclei, deuterium nuclei, or tritium nuclei and 
wherein the high-energy particles are applied to the target component 
to induce a nuclear fusion reaction. 

[Claim 9] The method for inducing a nuclear reaction stated in 
Claim 8, wherein .hydrogen nuclei are applied as the high energy 
particles to a target component containing boron-11, thereby inducing 
a nuclear fusion reaction represented by 11 B(p,n) 11 C. 

[Claim 10] The method for inducing a nuclear reaction stated in 
Claim 8, wherein deuterium atoms [sic] are applied as the high energy 
particles to a target component containing boron-10, thereby inducing 
a nuclear fusion reaction represented by 10 B(d / n) 11 C. 

[Claim 11] The method for inducing a nuclear reaction stated in 
Claim 8, wherein hydrogen nuclei are applied as the high energy 
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particles to a target component containing boron-10, thereby inducing 
a nuclear fusion reaction represented by 10 B (p, a) 7 Be . 

[Claim 12] The method for inducing a nuclear reaction stated in 
Claim 8, wherein deuterium atoms [sic] are applied as the high energy 
particles to a target component containing carbon-12, thereby inducing 
a nuclear fusion reaction represented by 12 C(d,n) 13 N. 

[Claim 13] The method for inducing a nuclear reaction stated in 
Claim 8, wherein hydrogen nuclei are applied as the high energy 
particles to a target component containing nitrogen-14, thereby 
inducing a nuclear fusion reaction represented by 14 N (p, a) n C . 

[Claim 14] The method for inducing a nuclear reaction stated in 
Claim 8, wherein hydrogen nuclei are applied as the high energy 
particles to a target component containing oxygen-16, thereby inducing 
a nuclear fusion reaction represented by 16 0 (p, a) 13 N. 

[Claim 15] The method for inducing a nuclear reaction stated in 
Claim 8, wherein deuterium nuclei are applied as the high energy 
particles to a target component containing nitrogen-14, thereby 
inducing a nuclear fusion reaction represented by 14 N(d,n) 15 0. 

[Claim 16] The method for inducing a nuclear reaction stated in 
Claim 8, wherein hydrogen nuclei are applied as the high energy 
particles to a target component containing nitrogen-15, thereby 
inducing a nuclear fusion reaction represented by 15 N(p,n) 15 0. 
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[Claim 17] The method for inducing a nuclear reaction stated in 
Claim 8, wherein deuterium nuclei are applied as the high energy- 
particles to a target component containing neon-2 0, thereby inducing a 
nuclear fusion reaction represented by 20 Ne (d, a) 18 F . 

[Claim 18] The method for inducing a nuclear reaction stated in 
Claim 8, wherein hydrogen nuclei are applied as the high energy 
particles to a target component containing oxygen-18, thereby inducing 
a nuclear fusion reaction represented by 18 0(p,n) 18 F. 

[Claim 19] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 18, wherein the application of the laser beam 
is repeated with intervals that are shorter than the half-life of the 
product of the nuclear reaction. 

[Claim 20] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 19, wherein the member to be irradiated is a 
thin film or gas jet. 

[Claim 21] The method for inducing a nuclear reaction stated in 
one of Claims 1 through 7, 19, and 20, wherein the high-energy 
particles are applied to the target component to excite the nuclei 
inside the target component. 

[Claim 22] An apparatus for inducing nuclear reactions that is 
equipped with a member to be irradiated, a laser-beam application 
means that applies laser beams having energies that can ionize the 
member to be irradiated so as to generate high-energy particles, and a 
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target component that contains nuclei that are induced to have a 
nuclear reaction by the high-energy particles. 
[Detailed Description of the Invention] 
[0001] [Technical Field of the Invention] 

The present invention pertains to a method for inducing nuclear 
reactions and an apparatus for inducing nuclear reactions. More 
specifically, the present invention pertains to a method and apparatus 
for inducing nuclear reactions with the use of a laser beam, and it 
pertains to an easy-to-use nuclear-reaction-inducing method and 
apparatus that are suitable for applications to the medical field, 
material inspections, equipment diagnostics, nuclide quenching, and 
nuclear-reaction simulators. 

[0002] [Prior Art] £3 

In order to bring about a nuclear reaction, it is necessary to 
apply a huge kinetic energy to charged particles, such as neutrons, 
hydrogen nuclei, etc., or particles of electromagnetic waves (photons) 
and to cause them to, for example, collide with the target nuclei. In 
order to obtain particles having large kinetic energies, special 
equipment, such as nuclear reactors, accelerators, etc., have been 
used, or the disintegration phenomenon of radioisotopes has been 
utilized. 
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[0003] [Problems that the Invention Intends to Solve] 

The aforesaid methods, however, present problems in radiation 
control or require expensive and large-scale equipment; thus, they can 
hardly be described as convenient methods. 

[0 004] The present invention intends to provide a method for 
easily inducing nuclear reactions and an apparatus thereof. 
[0005] [Means of Solving the Problems] 

In order to attain this objective, the nuclear-reaction-inducing 
method stated in Claim 1 is a method that momentarily irradiates a 
member to be irradiated with a laser beam having an energy that can 
ionize the irradiated member, thus generating high-energy particles, 
and that applies these high-energy particles to a target component, 
thereby inducing a nuclear reaction. 

[0006] When a high-energy pulse laser beam is applied to the 
member to be irradiated, high-energy particles are generated. These 
high-energy particles collide with the target component and cause the 
nuclei in the target component to have a nuclear reaction. 

[0007] According to the nuclear-reaction-inducing method stated 
in Claim 2, the laser beam is a pulse laser beam whose pulse duration 
is 10 picoseconds or less. Therefore, the peak power of the laser beam 
can be increased. In addition, the application of the beam is finished 
before the nuclei of the region irradiated with the laser beam starts 
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to diffuse, and this is advantageous for the formation of an electric 
field that accelerates nuclei to a higher energy. 

[0008] As in the nuclear-reaction-inducing method described in 
Claim 3 , the target component and the member to be irradiated can be 
the same member, or, as in the nuclear-reaction-inducing method 
described in Claim 4, the target component can be a member that is 
different from the member to be irradiated. 

[0009] According to the method for inducing a nuclear reaction 
stated in Claim 5, a laser beam having an energy intensity that can 
accelerate the high-energy particles to a kinetic energy of 100 
kiloelectron volts or higher is applied to the member to be irradiated. 
Therefore, nuclear reactions are induced by high-energy particles. 

[0010] According to the method for inducing a nuclear reaction 
stated in Claim 6, the high-energy particles are either electrons, 
electromagnetic waves, or positive ions. The selection of the 
particles to be mainly generated among these high-energy particles can 
be achieved by the selection of the target component. For example, the 
use of gas, etc., as the target component leads to the selective 
generation of electrons; thin film to the selective generation of 
positive ions; and a thick metal target to the selective generation of 
electromagnetic waves (y- ray-level electromagnetic waves) . 

[0011] As in the method for inducing a nuclear reaction stated in 
Claim 7, the high-energy particles may be accelerated vertically to 
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the laser-irradiated plane of the irradiated member and also in the 
direction away from the laser-emission source, 

[0012] As in the method for inducing a nuclear reaction stated in 
Claim 8, the high-energy particles may be either hydrogen nuclei, 
deuterium nuclei, or tritium nuclei, and these high-energy particles 
may be applied to the target component to induce a nuclear fusion 
reaction. 

[0013] According to the method for inducing a nuclear reaction 
stated in Claim 9, hydrogen nuclei are applied as the high energy 
particles to a target component containing boron-11, thereby inducing 
a nuclear fusion reaction represented by 11 B(p,n) 11 C. Therefore, 
carbon-11, which is a short-life radioisotope, is produced. 

[0014] According to the method for inducing a nuclear reaction 
stated in Claim 10, deuterium atoms [sic] are applied as the high- 
energy particles to a target component containing boron-10, thereby 
inducing a nuclear fusion reaction represented by 10 B(d / n) 11 C. 
Therefore, carbon-11, which is a short-life radioisotope, is produced. 

[0015] According to the method for inducing a nuclear reaction 
stated in Claim 11, hydrogen nuclei are applied as the high energy 
particles to a target component containing boron-10, thereby inducing 
a nuclear fusion reaction represented by 10 B(p,0t) 7 Be. Therefore, 
beryllium-7, which is a short-life radioisotope, is produced. 
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[0016] According to the method for inducing a nuclear reaction 
stated in Claim 12, deuterium atoms [sic] are applied as the high 
energy particles to a target component containing carbon-12, thereby 
inducing a nuclear fusion reaction represented by 12 C(d / n) 13 N. 
Therefore, nitrogen-13, which is a short-life radioisotope, is 
produced. 

[0017] According to the method for inducing a nuclear reaction 
stated in Claim 13, hydrogen nuclei are applied as the high energy 
particles to a target component containing nitrogen-14, thereby 
inducing a nuclear fusion reaction represented by 14 N(p,a) 1:L C. 
Therefore, carbon-11, which is a short-life radioisotope, is produced. 

[0018] According to the .method for inducing a nuclear reaction 
stated in Claim 14, hydrogen nuclei are applied as the high energy 
particles to a target component containing oxygen-16, thereby inducing 
a nuclear fusion reaction represented by 16 0 (p, a) 13 N. Therefore, 
nitrogen-13, which is a short-life radioisotope, is produced. 

[0019] According to the method for inducing a nuclear reaction 
stated in Claim 15, deuterium nuclei are applied as the high energy 
particles to a target component containing nitrogen-14, thereby 
inducing a nuclear fusion reaction represented by 14 N(d,n) 15 0. 
Therefore, oxygen-15, which is a short-life radioisotope, is produced. /4 

[002 0] According to the method for inducing a nuclear reaction 
stated in Claim 16, hydrogen nuclei are applied as the high energy 
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particles to a target component containing nitrogen-15, thereby- 
inducing a nuclear fusion reaction represented by 15 N(p / n) 15 0. 
Therefore, oxygen-15, which is a short-life radioisotope, is produced. 

[0021] According to the method for inducing a nuclear reaction 
stated in Claim 17, deuterium nuclei are applied as the high energy 
particles to a target component containing neon-20, thereby inducing a 
nuclear fusion reaction represented by 20 Ne (d, a) 18 F . Therefore, 
fluorine-18, which is a short-life radioisotope, is produced. 

[0022] According to the method for inducing a nuclear reaction 
stated in Claim 18, hydrogen nuclei are applied as the high energy 
particles to a target component containing oxygen-18, thereby inducing 
a nuclear fusion reaction represented by 18 0(p,n) 18 F. Therefore, 
fluorine-18, which is a short-life radioisotope, is produced. 

[0023] According to the method for inducing a nuclear reaction 
stated in Claim 19, the application of the laser beam is repeated at 
intervals that are shorter than the half-life of the product of the 
nuclear reaction. Therefore, a product having a short half -life is 
accumulated. 

[0024] As in the method for inducing a nuclear reaction stated in 
Claim 20, the member to be irradiated may be comprised of a thin film 
or gas jet. 
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[0025] As in the method for inducing a nuclear reaction stated in 
Claim 21, the high-energy particles may be applied to the target 
component to excite the nuclei inside the target component. 

[0026] Furthermore, the apparatus for inducing nuclear reactions 
stated in Claim 22 is equipped with a member to be irradiated, a 
laser-beam application means that applies a laser beam having an 
energy that can ionize the member to be irradiated so as to generate 
high-energy particles, and a target component that contains nuclei 
that are induced to have a nuclear reaction by the high-energy 
particles . 

[0 027] Therefore, when a laser beam is applied to the member to 
be irradiated from the laser-beam application means, high-energy 
particles are generated. These high-energy particles collide against 
the target component and cause the nuclei inside the target component 
to have a nuclear reaction. 
[0028] [ Embodiments ] 

The following explains the constitution of the present invention, 
referring to the best embodiment illustrated in figures. 

[0029] Figure 1 shows a nuclear-reaction-inducing method to which 
the present invention is applied, and Fig. 2 illustrates a nuclear- 
reaction-inducing apparatus to which the present invention is applied. 
The nuclear-reaction-inducing apparatus is equipped with a member (11) 
to be irradiated, a laser-beam application means (12) that applies a 
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laser beam (18) having an energy that can ionize the member (11) to be 
irradiated so as to generate high-energy particles (19), and a target 
component (13) that contains nuclei that are induced to have a nuclear 
reaction by the high-energy particles (19) . 

[0030] The member (11) to be irradiated is comprised of, for 
example, a thin film, more specifically, a Mylar film (14), over which 
is provided a deuterated plastic layer (15) formed by the application 
of a deuterated plastic. The thickness of the film (14) is, for 
example, approximately 10 |Lim. 

[0031] The laser-beam-application means (12) is, for example, 
comprised of a 10 TW hybrid Ti : sapphire/Nd: phosphate glass CPA laser. 
This laser is able to deliver a laser beam (18) having an energy of 
about 3 J with a 400 fs pulse duration onto the deuterated plastic 
layer (15) of the member (11) to be irradiated, focusing the beam down 
to a spot size of, for example, about 10 microns in diameter. That is, 
with this laser, after the pulse duration of the laser beam generated 
by the oscillator is stretched by the pulse stretcher, it is amplified 
by the amplifier and then compressed by the pulse compressor, thereby 
increasing the peak power. With the ultra-short pulse generated in 
this manner, the laser beam having a large peak power is focused by a 
focusing lens and applied to the deuterated plastic layer (15) of the 
member (11) to be irradiated. For example, a laser beam that is 
generated by the oscillator and that has a pulse duration of 0.1 
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picosecond and a laser energy of 1 micro J is converted into a laser 
beam having a pulse duration of 1 nanosecond and a laser energy of 10 
micro J by the pulse stretcher, after which it is converted into a 
laser beam having a pulse duration of 1 nanosecond and a laser energy 
of 1 J or less by the amplifier and further converted into a laser 
beam having a pulse duration of 0.1 picosecond and a laser energy of 1 
J or less by the pulse-duration compressor. By compressing the pulse 
duration in this manner, the peak output of the laser beam (18) can be 
increased to about 10 tera W. 

[0032] The target component (13) is, for example, a boron piece 
in which boron-10 is enriched to about 90 %. The target component (13) 
is positioned directly behind and 8 mm, for example, away from the 
laser-beam (18) -irradiated region of the member (11). 

[0033] Behind the target component (13) are provided a filter 
(16) and monitor (17) that are comprised of polyethylene terephthalate 
film. These are used to estimate the energy of the high-energy 
particles (19) applied to the target component (13). More specifically, 
because there is a constant relationship between the thickness of the 
filter (16) and the kinetic energy of the particles that can pass 
through it, the detection of the particles that have passed through 
the filter (16) by the monitor (17) indicates that the particles have 
a kinetic energy of a certain value or higher. Taking hydrogen ions as 
an example, since a kinetic energy of about 1 MeV is required for them 

14 



to pass through a 10 jum- thick filter (16) , the detection of hydrogen 
ions (hydrogen nuclei) by the monitor (17) indicates that the hydrogen 
ions have a kinetic energy of 1 MeV or higher. However, the filter 
(16) and monitor (17) are not essential and can be omitted. 

[0034] The nuclear-reaction-inducing apparatus is surrounded by 
shielding walls, which is not shown in the figure, thereby preventing 
leakage of high-energy particles (19) generated by the application of 
a high-energy laser beam (18) to the member (11) to be irradiated or 
radioactive rays emitted from nuclear-reaction products. 

[0035] The following explains the method for inducing nuclear 
reactions. According to this nuclear-reaction-inducing method, a laser 
beam (18) having an energy that can ionize the member (11) to be 
irradiated is momentarily applied to the member (11) (Step SI) , 
thereby generating high-energy particles (19) (Step S2 ) , and these 
high-energy particles (19) are applied to the target component (13) 
(Step S3), thereby inducing a nuclear reaction (Step S4) . 

[0036] As the applied laser beam (18), it is preferable to use a 
pulse laser beam having a pulse duration of 10 picoseconds or less. If 
the pulse duration is longer than 10 picoseconds, the irradiation time 
of the laser beam (18) becomes longer, and, as a result, the diffusion 
of the nuclei ionized by the laser beam (18) starts before the end of 
the irradiation, which leads to an insufficient formation of the 
charge-separation region and makes it difficult to accelerate nuclei 
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sufficiently. By shortening the pulse duration, the peak power can be 
increased even if the energy is the same; thus, the electric field of 
the laser beam (18) can be made larger, which, in turn, can increase 
the positive/negative difference of the charge-separation region. 

[0037] When the laser-beam-application means (12) applies a laser 
beam (18) having an energy of, for example, about 3 J with a 400 
femtosecond pulse duration to the deuterated plastic layer (15) of the 
irradiation member (11) , focusing the beam down to a spot size of 
about 10 microns in diameter (Step 1) , the extremely high electric 
field and light pressure of the laser beam (18) and the traveling 
electric field formed by the plasma wave induced by the laser pulse 
expel the electrons from the extremely minute irradiated region and 
accelerate them. 

[0038] Meanwhile, since the nuclei (positive ions) ionized as a 
result of the expulsion of the electrons have a larger mass than the 
electrons, they move little for a while after the irradiation of the 
laser beam (18) . As a result, the extremely minute irradiated region 
becomes a region having positive ions at a high concentration, and its 
electrostatic force accelerates the positive ions in an explosive 
manner, thus generating positive ions having, for example, a high 
energy near 10 megaelectron volts, as shown in Fig. 3 (Step S2) . That 
is to say, by applying the laser beam (18) to the irradiation member 
(11), positive ions as the high-energy particles (19) can be generated. 
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However, it is not essential to increase the energy of the high-energy 
particles (19) to near 10 megaelectron volts, and it is satisfactory 
if it can be increased to 100 kiroelectron volts or higher. In fact, 
it is good enough if it can be increased to a level of energy that can 
induce a nuclear reaction. 

[0039] Here, since the region irradiated by the laser beam (18) 
has a constant area size, the region having a high concentration of 
positive ions becomes a sheet shape having a diameter of several tens 
of microns and a thickness of 10 Jim or less, thus forming a planer 
potential distribution. Therefore, the positive ions accelerated by 
this electric field move vertically to the plane irradiated by the 
laser beam (18) and in the direction away from the laser-beam- 
application means (12), which is the laser-emitting source, in other 
words, in the direction toward the target component (13) located 
behind the irradiation member (11) . In our experiments, the direction 
of the ion beam, which was the flow of the positive ions, exhibited a 
spread in a total angle of 40 degrees or thereabouts. 

[0040] Because the laser beam (18) in the present embodiment is 
applied to the deuterated plastic layer (15) of the irradiation member 
(11) , mainly deuterium ions are generated as the high-energy positive 
ions. In other words, by applying the laser beam (18) to the 
irradiation member (11) , deuterium nuclei, which are high-energy 
particles (19), can be generated. These high-energy deuterium ions 
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(deuterium nuclei) are applied to the target component (13) comprised 
of a boron piece (Step S3). As a result, a nuclear reaction 
represented by 10 B(d / n) lx C takes place in the target component (13) 
(Step S4) . This reaction produces carbon-11 ( n C) and neutrons (n) . 
The nuclear reaction takes place in the region (13a) that is, for 
example, up to 1 mm deep from the surface of the target component (13). 
Therefore, the location of the product, carbon-11, in the target 
component (13) is clear. 

[0041] The formation of the deuterated plastic layer (15) on the 
irradiation layer (11) may be omitted, and boron-10 does not have to 
be enriched in the target component (13) . In this case, mainly 
hydrogen ions are produced as the high-energy positive ions. In other 
words, by applying the laser beam (18) to the irradiation member (11), 
hydrogen nuclei can be generated as the high-energy particles (19) . 
When these high-energy hydrogen ions (hydrogen nuclei) are applied to 
the target component (13) , a nuclear reaction represented by 
11 B(p,n) 11 C takes place. This reaction produces carbon-11 and neutrons. 

[0042] Carbon-11 is a virtually pure positron source having a 
half -life of 20 minutes and can be used for medical applications, 
material-defect inspections, and the like. Since it has a short half- 
life of only 20 minutes, its radioactivity attenuates considerably 
overnight, and, compared with sodium-22 and the like, it has a big 
advantage in respect to radioactive substance management. With the 
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aforesaid laser output, 2 nanocuries of carbon-11 can be produced per 
pulse of the laser beam (18) . When this laser output is repeated for 1 
hour or thereabouts with a laser that has a repetition rate of 10 Hz, 
10 microcuries or more of carbon-11 can be obtained. This value is 
about the same level as that of sodium-22, which has been commercially 
available as a calibration radiation source, etc. 

[0043] The electrons expelled from the region irradiated by the 
laser beam (18) and accelerated are high-energy electrons, and they 
generate high-energy X rays, mainly by the braking radiation in the 
process of passing through the irradiation member (11) and other 
substances. Since these X rays are generated in the direction in which 
the high-energy electrons were moving, they are generated vertically 
to the plane irradiated by the laser beam (18) and in the 
direction away from the laser-beam-application means (12) . 

[0044] Of the X rays thus generated, those having an energy 
larger than 1.02 (=0.51 x 2) MeV could cause the formation of electron 
pairs by the interaction with other substances. That is, high-energy 
positrons (positive electrons) and electrons could be produced. That 
is to say, by applying the laser beam (18) to the irradiation member 
(11), electrons, X rays (electromagnetic waves), and positive 
electrons can be generated as the high-energy particles (19) . 

[0045] On the other hand, high-energy positive ions generated by 
the irradiation of the laser beam (18) can cause a nuclear fusion 
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reaction or nuclear fission reaction with other substances in the 
irradiated member (11) . The y rays generated by these reactions induce 
(y,n) reactions, etc., thereby producing the isotopes and neutrons of 
pre-reaction elements. 

[0046] By changing the combination of the materials that comprise 
the irradiation member (11) and the target component (13) , various 
kinds of nuclear reactions can be induced in addition to the aforesaid 
10 B(d / n) 11 C reaction and 11 B(p / n) 11 C reaction. For example, when an 
irradiation member (11) containing hydrogen atoms is used, mainly 
hydrogen nuclei (p) are produced as high-energy positive ions. By 
applying these high-energy hydrogen nuclei to a target component (13) 
containing nitrogen-14, a nuclear fusion reaction represented by 
14 N(p,a) 11 C can be induced, and a short half -life radioisotope carbon- 
11 and a particles can be produced. When hydrogen nuclei are applied 
as the high-energy particles (19) to a target component (13) 
containing oxygen-16, a nuclear fusion reaction represented by 
16 0(p,ot) 13 N can be induced, and a short half -life radioisotope 
nitrogen- 13 and a particles can be produced. When hydrogen nuclei are 
applied as the high-energy particles (19) to a target component (13) 
containing oxygen-18, a nuclear fusion reaction represented by 
18 0(p,n) 18 F can be induced, and a short half -life radioisotope 
fluorine-18 and neutrons can be produced. When hydrogen nuclei are 

applied as the high-energy particles (19) to a target component (13) 
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containing boron-10, a nuclear fusion reaction represented by 
10 B(p,oc) 7 Be can be induced, and a short half -life radioisotope 
beryllium-7 and a particles can be produced. When hydrogen nuclei are 
applied as the high-energy particles (19) to a target component (13) 
containing nitrogen-15, a nuclear fusion reaction represented by 
15 N(p,n) 15 0 can be induced, and a short half -life radioisotope oxygen- 
15 and neutrons can be produced. 

[0047] When an irradiation member (11) containing deuterium atoms 
is used, mainly deuterium nuclei (d) are produced as the high-energy 
positive ions, and, by applying these high-energy deuterium nuclei to 
a target component (13) containing carbon-12, a nuclear fusion 
reaction represented by 12 C(d,n) 13 N can be induced, and a short half- 
life radioisotope nitrogen-13 and neutrons can be produced. When 
deuterium nuclei are applied as the high-energy particles (19) to a 
target component (13) containing nitrogen-14, a nuclear fusion 
reaction represented by 14 N(d,n) 15 0 can be induced, and a short half- 
life radioisotope oxygen-15 and neutrons can be produced. When 
deuterium nuclei are applied as the high-energy particles (19) to a 
target component (13) containing neon-2 0, a nuclear fusion reaction 
represented by 20 Ne(d,ot) 18 F can be induced, and a short half -life 
radioisotope fluorine-18 and a particles can be produced. 

[0048] Furthermore, because the particle energy of x rays, 
positive ions, etc., generated by the irradiation of the laser beam 



(18) having the aforesaid output exceeds the threshold of nuclear 
fission reactions, nuclear reactions can be induced easily. For 
example, by using an irradiation member (11) containing hydrogen atoms 
and a target component (13) containing uranium, etc., and by applying 
hydrogen ions having a high energy of, for example, 10 MeV or 
thereabouts to the target component (13), it is possible to cause 
uranium, etc., to undergo a nuclear fission reaction. 

[0049] It is also possible to excite nuclei. More specifically, 
the high-energy particles (19) generated by the application of laser 
beam (18) to the irradiation member (11) can excite the nuclei in the 
target component (13), thereby producing nuclear isomers. Because a y 
ray having a certain energy is emitted in the nuclear isomer 
transition phenomenon, in which nuclear isomers are converted into 
more stable nuclear isomers, a line-spectral y radiation source can be 
obtained, and there is a prospect of developing it into Y _ra Y lasers. 

[0050] Since the present invention uses an ultra-short-pulse 
laser beam (18) for generating high-energy particles (19) that induce 
nuclear reactions, the apparatus can be made compact substantially, 
compared with the case of inducing nuclear reactions with a nuclear 
reactor, accelerator, etc., and the shielding equipment can also be 
simplified. As a result, radioisotopes, etc., that are produced by 
utilizing nuclear reactions can be provided at low cost. Furthermore, 
the present invention makes the nuclear-radiation management easier. 
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It also makes it possible to produce radioisotopes near a place, such 
as a radiology facility, etc., where radioisotopes are used. The 
present invention is especially suitable for the production of short 
half -life radioisotopes. 

[0051] Since the present invention induces a nuclear reaction by 
the irradiation of a laser beam (18), the nuclear reaction can be 
controlled easily. That is, by turning on or off the laser beam (18), 
the nuclear reaction can be induced or terminated. By adjusting the 
irradiation intensity, output, etc., of the laser beam (18), the 
energy of the generated high-energy particles (19) can be adjusted, 
and the quantity of the nuclear reaction [product] can be controlled. 

[0052] The embodiment described in the foregoing is one preferred 
embodiment example, but the present invention is not limited to this, 
and various modifications can be introduced within the scope of the 11 
present invention. For example, in the explanation in the foregoing, 
the irradiation member (11) and the target component (13) are 
different members, but these may be comprised of the same member, and 
a nuclear reaction may be induced to the nuclei contained in the 
member irradiated by the laser beam (18) . In this case, the range in 
which the nuclear reaction takes place can be limited to the vicinity 
of the region irradiated by the laser beam (18) . 
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[0053] In the explanation presented in the foregoing, the high- 
energy particles (19) are mainly hydrogen nuclei or deuterium nuclei, 
but they can be mainly tritium nuclei or can be mixtures of these. 

[0054] The irradiation of the laser beam (18) may be carried out 
by repeating it in intervals shorter than the half-life of the product 
formed by the nuclear reaction. This makes it possible to accumulate a 
short half -life product. 

[0055] Furthermore, in the explanation presented in the foregoing, 
the member to be irradiated (11) was comprised of a thin film, but it 
can be a gas jet. That is, the laser beam (18) may be applied to, for 
example, a high-speed gas flow. 

[0056] As explained in the foregoing, according to the present 
invention's method for inducing nuclear reactions, a laser beam having 
an energy that can ionize the member to be irradiated is applied 
momentarily to the member, thereby generating high-energy particles, 
and these high-energy particles are applied to the target component, 
thereby inducing a nuclear reaction; therefore, a nuclear reaction can 
be induced easily. That is, compared with the case of inducing nuclear 
reactions using reactors or accelerators, the present invention offers 
ease of handling and can induce nuclear reactions at low cost. 
Therefore, various kinds of x rays, electron beams, ion beams, 
radioisotopes, etc., which are used for the diagnostics of large-scale 
structures, medical applications, etc., can be provided easily at low 
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cost. Since it is not necessary to use radioisotopes as the radiation 
source, the present invention is also advantageous in respect to the 
radiation control. 

[0057] The nuclear-reaction-inducing apparatus of the present 
invention is equipped with a member to be irradiated, a laser-beam- 
application means that applies a laser beam having an energy that can 
ionize the irradiated member so as to generate high-energy particles, 
and a target component that contains nuclei that are induced to have a 
nuclear reaction by the high-energy particles; therefore, nuclear 
reactions can be induced with a simple apparatus. This makes it 
possible to obtain radioisotopes and radiation sources at low cost. 
[Brief Explanation of the Drawings] 

[Fig. 1] A flowchart illustrating the nuclear-reaction-inducing 
method pertaining to the present invention. 

[Fig. 2] A schematic diagram illustrating the nuclear-reaction- 
inducing apparatus pertaining to the present invention. 

[Fig. 3] A graph showing the relationship between the intensity 
of a laser beam and the maximum energy of the generated ions. 
[Explanation of Reference Numerals] 

11 member to be irradiated 

12 laser-beam-application means 

13 target component 
18 laser beam 
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high-energy particles. 



[FIG. 1] 
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Kb) 

Key: a) start; b) end; SI) a short-pulse high-energy laser beam is 
applied momentarily to the irradiation member; S2) high kinetic energy 
particles are generated; S3) high-kinetic energy particles are applied 
to the target component; S4) nuclear reaction. 

[FIG. 2] 
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